We have developed a method for adding the effect of the surface barrier to the Van Hove -Tong suite of low-energy electron-diffraction programs enabling us to analyze very-low-energy electron-diffraction (LEED) spectra from complex reconstructed systems. The method models the effect of the surfacepotential barrier on the intensities and accurately replicates the fine-structure features found at low energies on many surfaces. It is free from many of the simplifying assumptions made by others attempting to model similar systems. We find that the fine-structure peak positions depend on the inelastic scattering in the barrier region as well as the shape of the real part of the potential barrier. This limits the accuracy of measurement of the shape of the barrier, but useful shape information can be derived from these analyses. We have studied the effect of oxygen overlayers on Cu(001) as well as the clean Cu(001) surface. These surfaces are well described by the model for a range of incident-beam directions. On the oxygen-exposed surface, it is necessary to assume that a c (2 X 2) structure exists as a precursor to the (&2X2&2)R45 in order to explain all the data. Further, it is found that the surface-potential barrier moves away from the surface with establishment of the precursor c(2X2) structure, but then moves back towards the surface as the final (&2X2&2)R45' forms with additional exposure to oxygen. This accounts for the changes in work function with exposure to oxygen found on this surface.
INTRODUCTION
The energy regime below 50 eV is often ignored in low-energy electron-diffraction (LEED) intensity analysis due to a number of complicating effects. These include the appearance of a number of fine-structure features that are due to the effect of trapping electrons in image potential induced surface states. In order to fully account for these features it is necessary to include a full description of the scattering from the surface potential barrier. This must describe the spatial variation in the potential and the multiple scattering that can occur between the potential and the substrate. In this paper we present a model that meets these requirements and interfaces to the Van Hove -Tong' suite of LEED programs. These accurately model the effect of a one-dimensional barrier on the intensities and differ from the code our group has used in the past in that (i) they can now be used to examine systems that have more than one atom per unit cell, (ii) the analysis now includes a full description of the multiple scattering between substrate and barrier, and (iii) they calculate accurately the scattering in the top layer, taking into account any variation in the potential of this layer compared to the bulk. These programs are also more general than those of Pfnur, Lindroos, and Menzel as they include a full description of the spatial variation of the surface-potential barrier. They also provide a better description of the scattering than that of Dietz, McRae, and Campbell, as they include an accurate description of the substrate scattering and the effect of multiple scattering in the barrier region.
The model and programs were used to study the scattering from clean Cu(001) and the oxygen exposed Cu(001) surface at very low energies (5 -16 eV) . Our analysis of the clean surface confirms the barrier parameters proposed by for this surface Dietz, McRae and Campbell, though using the form of the barrier proposed by Jones, Jennings, and Jepsen. The analysis of the oxygen exposed surfaces show that the surface potential is strongly affected by the chemisorption of oxygen and that the fine-structure features due to the barrier are modified by the additional beams induced by the surface reconstruction. This effect has allowed us to determine that there is For the clean surface, it was found that the potential in the top layer was around 3.1 eV different from the substrate inner potential. This is different from our previous calculations, where the top-layer potential was taken to be the same as the potential in the substrate. The inelastic potential could also be set independently in the top the correct intensities at all angles for these spectra, though a 50% combination gave the correct position of the peaks.
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DISCUSSION
The barrier programs interface well onto the Van Hove -Tong code and explain the observed fine structure and a number of results coming from these analyses.
These include the confirmation that the c(2X2) exists as a precursor to the (&2X2V2)R45. It is clear that the fine-structure profile from the (&2 X 2/2)R45' does not explain the VLEED spectra observed at intermediate exposures by itself. In order to explain all the features, some admixture of both structures is needed. However, as seen in Fig. 6 , it is not a simple linear combination. The changes in the shape of the surface barrier that follow oxidation are also of interest. The barrier shapes for the clean and two oxygen exposed surfaces are shown in Fig. 8 . As previously noted, the potential on the clean surface is "symmetric" about the jellium edge. The transfer of charge from within the bulk to outside is responsible for the development of the surface dipole layer. As can be seen in Fig. 8 , the potential on the oxygen exposed surface is no longer symmetric about the jellium edge. This presumably comes about from the changed electron density in the topmost layer, providing an increased number of electrons to Row out. The change in going from the c (2 X 2+2}R45' reflects the change in the atomic density as well as the incorporation of further oxygen in the top layer. The variation in the potential distribution is responsible for the changes in the work function measured on adsorption of oxygen on this face. The fact that the charge moves back towards the surface as the (V 2X2~2)R45' forms is responsible for the reduction in the work function with increasing exposure to ox- 
